Keywords: breastfeeding metabolic syndrome women s u m m a r y Purpose: The purpose of this study was to assess the differences in the prevalence of metabolic syndrome in women in their 30s and 40s by breastfeeding experience, using the the fifth Korea National Health and Nutrition Examination Survey (2010) data. Methods: In this cross-sectional study, a total of 1,053 healthy women in their 30s and 40s, who had given birth was analyzed. To compare women with and without breastfeeding experience, chi-square test and t test were used. The relationship between metabolic syndrome and breastfeeding was assessed using logistic regression analysis adjusted demographic and lifestyle covariates. Results: The breastfeeding experience of women in their 30s was associated with a decreased risk of elevated triglyceride after controlling for income, education, exercise and the last childbirth age [odds ratio (OR) ¼ 0.44, 95% confidence interval (CI) (0.21, 0.95)]. In addition, women who breastfed more children had high odds of metabolic syndrome [OR = 4.03, 95%CI (2.03, 8.00)], and components of metabolic syndrome [abdominal obesity: OR = 2.02, 95%CI (1.17, 3.51), elevated triglyceride: OR = 1.98, 95%CI (1.14, 3.45), elevated blood pressure: OR = 2.65, 95%CI (1.28, 5.49)] than those who never breastfed children. Conclusions: This study found that postpartum breastfeeding may play a significant role in reducing the risk of metabolic syndrome and also that childbearing is associated with a higher incidence of metabolic syndrome among women in their 30s. For women in their 40s, the risk of metabolic syndrome did not significantly differ depending on the breastfeeding experience. This study indicated that breastfeeding can be a way to reduce metabolic health burdens in women in their 30s.
Introduction
Metabolic syndrome is a complex condition with metabolic abnormalities characterized by abdominal obesity, hypertriglyceridemia, low high density lipoprotein (HDL) cholesterolemia, hyperglycemia, and hypertension due to insulin resistance [1] . It is associated with the risk of cardiovascular disease or diabetes [1] .
The prevalence of metabolic syndrome in South Korea, using data from the fifth Korea National Health and Nutrition Examination Survey (KNHANES V-1) in 2010, was 16 .8% in males and 20.7% in females based on the standard suggested by the International Diabetes Federation [2] . The results of the survey also showed a higher incidence of metabolic syndrome with age: 10.6% in people in their 30s, 14.9% in those in their 40s, 27 .5% in those in their 50s, and 35 .4% in those in their 60s [2] .
Moreover, the number of deaths from cardiovascular diseases has significantly increased among females, from 32.2 people per 100,000 population in 2001 to 51.3 people per 100,000 population in 2011 [3] . This increased mortality is related to the increased prevalence of metabolic syndrome [4] , because metabolic syndrome is a major risk factor for development of cardiovascular disease [5] . Cardiovascular diseases are caused by the multiple risk factors such as abdominal obesity, hypertriglyceridemia, low HDL cholesterolemia, hyperglycemia, and hypertension related to metabolism in 20.0% of males and 48.0% of females [6] . Having more than three of these risk factors is related to increased cardiovascular disease prevalence and mortality [6] . Thus, there is a clear need for preventive intervention for metabolic syndrome.
The Framingham Risk Score (FRS) is another method of predicting cardiovascular diseases. Higher FRS indicates heavier weights [7] and more determinant factors of metabolic syndrome [8] . Therefore, identifying FRS and intervention for metabolic syndrome is important for prevention of cardiovascular disease. Metabolic syndrome is caused by various genetic, lifestyle, environmental, socioeconomic, and psychological factors [9] . Among the lifestyle factors, breastfeeding helps shed weight through consumption of much energy due to changes in fat metabolism and the discharge of breast milk [10] . It also improves the metabolism of glucose in the blood, which positively affects females with gestational diabetes and promotes homeostasis of mothers' glucose levels [11] eventually decreasing the incidence of metabolic syndrome, hypertension, and cardiac infarction [12e16] .
Studies on breastfeeding showed that breastfeeding is associated with decreased prevalence of metabolic syndrome [11, 17] and cardiovascular disease [18] . However, these studies were conducted locally only on middle-aged menopausal females or those in their 40se60s. Moreover, few hospitals participated in them, which made it difficult to generalize the results to all hospitals. Those studies did not include information on the risks of cardiovascular diseases and breastfeeding. As such, few studies have investigated the relationship between breastfeeding and the risk of cardiovascular diseases in Korean women with childbearing potential.
Therefore, the purpose of this study was to analyze the differences in the risk of cardiovascular diseases and the prevalence of metabolic syndrome based on the breastfeeding experience of women in their 30se40s, using the data from the KNHANES V-1(2010).
Methods

Study design
This study used raw data from the KNHANES V-1 (2010), which is a cross-sectional and nationally representative survey. KNHANES is part of a series of health-related programs sponsored by the Korean Centers for Disease Control and Prevention. It has been used since 1998 to assess the health and nutritional status of Koreans [19] . The investigators of this study used part of health survey and examination survey results of raw data after we obtained an approval from the Korean Centers for Disease Control and Prevention.
Setting and sample
The population size for the raw data from the KNHANES V-1 (2010) was 8,473 (3,850 men and 4,623 women). The subjects of this study are females with childbearing potential in local communities, who completed the Health Condition Survey and a health check-up, were between 30 and 50 years old, had given birth before, and had not had a stroke, myocardial infarction, angina pectoris, renal failure, or cancer. The results of the analysis showed that the mean age at the last childbirth was 30.3 years old, and the mean menopausal age was 48.6 years. Considering the analysis results, the age range of the subjects was limited to 30e49 years. A total of 1,053 participants (542 in their 30s and 511 in their 40s) who met the criteria were selected as the final subjects of this study.
Ethical consideration
The KNHANES V-1 (2010), participants signed an informed consent form. The raw data were published excluding the part that can identify individual subjects, based on the Privacy Protection Act. Since our study used data from those surveys, ethical approval was not required (MC13EASE0054).
Measurements Demographic and lifestyle factors
The demographic factors of the participants included their age, household income level, education level, employment, and spouse. Their household income levels were classified into high, medium, and low. Their education levels were classified into high (completed high school, and completed university) and low (completed or dropped out of primary school, completed middle school). Their employment status was indicated with either a "yes" or a "no" (for employed or unemployed, respectively), as was whether or not they were living together with their spouse.
Regular exercise, and drinking and smoking habits were included in the lifestyle factors. To simplify data interpretation, regular exercise was defined as 3 days or more a week of vigorous physical exercise for 20 minutes or more, 5 days or more a week of moderate physical exercise for 30 minutes or more, or 5 days or more a week of walking for 30 minutes or more. We considered that no exercise was performed when the participants did not perform any of aforementioned exercises based on the study of Oh et al [20] . As for drinking, those who drank hard liquor more than once a month in the last year were considered drinkers. With regard to smoking, three categories were used based on the raw data: smoker, past smoker, and nonsmoker.
Gravidity and childbirth history
For the characteristic of the participants' childbirth experience, the age at the first childbirth, the age at the last childbirth, the number of pregnancies, the number of natural births, the number of women who delivered their babies via Cesarean section, and the number of miscarriages were used as continuous variables. The breastfeeding experience, number of children breastfed, and duration of breastfeeding (in months) were also included in the continuous variables. The breastfeeding experience was indicated with either a "yes" or a "no".
Metabolic syndrome
The participants were deemed to have had metabolic syndrome when they fell under three or more of the five categories based on those of the International Diabetes Federation and the American Heart Association/National Heart, Lung, and Blood Institute (AHA/ NHLBI) in 2009 [21] . For the weight measurement, the definition of abdominal obesity published by the Korean Society for the Study of Obesity in 2006 was used [22] . The five criteria are as follows: (a) waist measurement ! 85 cm; (b) triglycerides ! 150 mg/dL or use of medication for elevated triglycerides; (c) HDL cholesterol < 50 mg/dL or medication for reduced HDL cholesterol; (d) blood pressure (BP): systolic BP ! 130mmHg and/or diastolic BP ! 85mmHg or use of medication for hypertension; (e) fasting glucose ! 100mg/dL or use of medication for hyperglycemia. Each criterion gives 1 point, so the metabolic syndrome score range is 0e5 points.
The physical examinations were conducted by a team of experts in mobile physical examination vehicles. The participants were asked to fast for 12 hours before the examination. Waist circumference was measured using the Seca 200 ruler (Hamburg, Germany) between the lowest rib and iliac crest [23] . For the BP, the results were corrected based on the mean height of the arms near the heart (for females: 81 cm). Blood samples were collected using vein puncture and sent to Seegene Medical Foundation for analysis. The triglycerides, HDL cholesterol, and fasting blood sugar were analyzed using a Hitachi Automatic Analyzer 7600 (Hitachi, Japan), based on the enzyme method [19] .
The Framingham Risk Score
The prediction of the risk of cardiovascular diseases was evaluated based on FRS which was developed in the organ study of the Framingham Heart Study conducted by the National Heart, Lung, and Blood Institute and Boston University [24] . US FRS is a method of evaluating the risk of severe cardiovascular mortality in 10 years by scoring age, smoking habit, total cholesterol level, and HDL cholesterol level of adults aged 20 years old or more, by age [25] .
Data analysis
Before the analysis of raw data, analysis plan file was created by determining the factors of complex sample design, stratification variables, cluster variable and weight value. The analysis was performed as follows using complex sample design. The statistical analyses were performed using the SPSS version 18.0 program (SPSS Inc., Chicago, IL, USA).
A complex sample frequency analysis was used to present the unweighted frequency (N) and the percentage (%), and complex sample descriptive statistics were used for mean and standard error (SE).
Each subpopulation was selected in 30s and 40s, a chi-square test with complex sample was performed between the variables of characteristics based on breastfeeding experience, lifestyle and prevalence of metabolic syndrome. The result of physical examination and FRS based on the breastfeeding experience were presented as mean and standard deviation in general linear model of complex sample, a t test was performed between the variables.
A complex sample logistic regression model was used to present the correlation between breastfeeding experience, number of breastfed child, duration of breastfeeding, prevalence of metabolic syndrome and its determinant factors. The variables that showed significant difference in the results before correction and univariate analysis were corrected first and logistic regression analysis was performed. The odds ratio (OR) and confidence interval (CI) of prevalence of metabolic syndrome and its determinant factors against the breastfeeding experience, number of breastfed children, and duration of breastfeeding were presented.
Results
The mean age of the participants in the study was 39.9 years. Among 1,053 participants, women in their 30s accounted for 46.5%, while women in their 40s accounted for 53.5%. The frequency composite sample analysis showed that 79.0% of the women in their 30s and 70.9% of the women in their 40s had a history of breastfeeding. Metabolic syndrome was present in 5.1% of the women in their 30s and 10.1% of the women in their 40s.
Women in their 30s with breastfeeding experience had higher income (p < .01) and higher education (p < .01) compared to women without breastfeeding experience. The last childbirth age in the baseline characteristics was older in women without breastfeeding experience (p < .05). Women in their 30s with breastfeeding experience had higher scores in life style, particularly in terms of exercise (p < .05), and there were more nonsmokers (p ¼ .093) compared to women without breastfeeding experience (Table 1) .
Women in their 40s, who had breastfeeding experience had lower first childbirth age (p < .01), last childbirth age (p < .01) and number of cesarean procedures compared to women who never had breastfeeding experience (p < .01). However, women in their 40s with breastfeeding experience had a higher incidence of pregnancy (p < .01) and natural childbirth (p < .01) ( Table 1) . Women in their 30s with breastfeeding experience had a lower prevalence of metabolic syndrome (p < .05), elevated triglyceride levels (p < .05), and FRS (p < .05) compared to women without breastfeeding experience. On the other hand, the prevalence of abdominal obesity was higher in women with breastfeeding experience than in women without breastfeeding experience (p < .01) ( Table 2) .
In (Table 3) .
Discussion
This study was conducted to investigate the differences in the risk of cardiovascular disease, prevalence of metabolic syndrome, and lifestyle depending on the breastfeeding experience of females in their 30se40s who had given birth, using data from KNHANES 2010. This study also investigated the correlation between metabolic syndrome and breastfeeding experience, the number of children breastfed, and the duration of breastfeeding.
In total, 74.6% of the participants breastfed, 79.0% in their 30s and 70.9% in their 40s. These figures are higher than those from the Korea Institute for Health and Social Affairs (KIHASA) [26] , which were 65.5% in 2009 and 56.7% in 2012. As the definitions of breastfeeding differed between the studies and there were no specific guidelines for the duration and characteristics of breastfeeding, it seems difficult to compare the breastfeeding rates of the studies. The study conducted by the KIHASA [26] investigated the breastfeeding rate, depending on the age (in months) of the newborn child, among females aged 15e44 years who had a spouse. The data were collected according to the questionnaire, which consisted of seven questions on breastfeeding: on the breastfeeding experience, the breastfeeding interruption period, the time weaning was started, and the reasons for stopping breastfeeding. In contrast, this study analyzed, out of the survey's raw data, only the data on the breastfeeding experience of women with childbearing potential, in their 30se40s, who had breastfed. The questionnaire in this study had only three questions: on the breastfeeding experience, the number of children breastfed, and the duration of the breastfeeding (in months). As such, the results of the studies seem to have been presented differently from previous studies [26] , and further development of breastfeeding standards and definitions is required in future studies.
The participants in their 30s had higher economic or educational levels in the breastfeeding group than in the nonbreastfeeding group. This result supports that of a previous study [27] that showed that more highly educated females had higher breastfeeding rates. The participants in their 40s had their last child at a younger age, had more natural births, and had a significantly low number of Cesarean section deliveries in the breastfeeding group than in the nonbreastfeeding group. These results are similar to those of a previous study [26] which reported that the breastfeeding rate of females who delivered via Cesarean section was lower than that of the females who gave birth naturally; the older females who had their first childbirth was lower than the younger females.
In this study, the prevalence of metabolic syndrome was 5.1% in the participants in their 30s and 10.1% in those in their 40s, which are lower than those in a previous study [2] that reported the prevalence to be 10.6% in the participants in their 30s and 14.9% in those in their 40s. The difference is seemingly due to gender, specifically the previous study included both males and females, whereas this study included only females who had given birth before and still had childbearing potential. The prevalence of metabolic syndrome and hypertriglyceridemia in people in their 30s was significantly lower in the breastfeeding group than in the nonbreastfeeding group. The sum score for the five factors that determined metabolic syndrome in the breastfeeding group tended to be lower than that in the nonbreastfeeding group, and FRS was significantly lower in the breastfeeding group. These results were interpreted to mean that breastfeeding effected the prevalence of metabolic syndrome, even with regard to FRS. These results are supported by a previous study [28] that reported that breastfeeding decreased the risk factors of cardiovascular disease by mobilizing accumulated fat stores. Furthermore, breastfeeding provides a route for the physiological excretion of large amounts of cholesterol. It could explain the faster return of blood lipids to the pre-pregnancy levels observed in women who breastfed [29] . Moreover, maternal BP could be affected by hormone such as prolactin and oxytocin [30] .
After the correction, the OR of elevated triglyceride was 0.44 in the breastfeeding group, which was significantly lower than that in the nonbreastfeeding group. These results were consistent with those of previous studies [16, 31] which reported the prevalence of metabolic syndrome or the lower determinant factors in the breastfeeding group than in the nonbreastfeeding group; and the result of another prospective study [32] that breastfeeding improved fat metabolism.
In the participants in their 40s, the OR of the prevalence of metabolic syndrome and the determinant factors of metabolic syndrome did not significantly differ depending on the breastfeeding experience. This result is unlike that of a previous study [11] that reported a significantly lower OR of prevalence of metabolic syndrome in the breastfeeding group than in the nonbreastfeeding group of females 40 years or older before their menopause. The previous study result adjusted for lifestyle factors of participants such as age, education, drinking, smoking, exercise, and BMI [11] , but we adjusted for gravidity and childbirth history in addition to lifestyle factors. Given the findings from this study, metabolic syndrome might be associated with other factors rather than breastfeeding in women in their 40s. Thus, we need to further investigate the relationship between metabolic syndrome and the breastfeeding experience of women in their 40s considering gravidity and childbirth history.
In the participants in their 30s, the OR of the prevalence of metabolic syndrome, abdominal obesity, elevated triglyceride, and elevated BP significantly increased when they had one more child both before and after the correction. This result was supported by the result of the Third National Health and Nutrition Examination Survey in the United States [31] , which reported that the prevalence of metabolic syndrome increased by 13.0% when another child was born. The number of children breastfed was interpreted as the obstetric history, and females with higher obstetric and pregnancy histories tended to retain more weight due to the progress of their pregnancy despite their age [33] , which resulted in the increasing prevalence of metabolic syndrome and the determinant factors of metabolic syndrome.
No significant correlation was found between the duration of breastfeeding and the prevalence of metabolic syndrome in this study. This result departs from the results of previous studies of increased risk of metabolic syndrome with shorter breastfeeding periods [15] , lower prevalence of diabetes with a longer breastfeeding period [14, 32] , and significant decreases in the prevalence of metabolic syndrome, abdominal obesity, and elevated triglyceride when the breastfeeding duration increased by 1 year [17] . Future studies should seek to confirm the correlation between breastfeeding duration and its benefits after a specific classification of the breastfeeding duration is established. Many studies recommend long-term breastfeeding to maximize its advantages, but each study recommends a different breastfeeding duration, with different arguments. Kim [33] reported fast weight loss among breastfeeding women until 6 months after childbirth, but no significant difference at 12 months after childbirth. Baker et al [34] also recommended 6 months of breastfeeding for weight loss. The American Academy of Pediatrics [35] recommends exclusive breastfeeding for 6 months and at least 1 year of continuous breastfeeding. These ununified breastfeeding duration classifications and standards make comparison of study results difficult and inappropriate for training breastfeeding women and establishing a breastfeeding system. As such, international standards supported by scientific evidence of the needed breastfeeding duration should be used. Women may lose weight while breastfeeding due to their high use of energy and high fat secretion. It is because the production of fat increases in the milk as fat metabolism becomes more activated and free fatty acids are accumulated in the milk line [10] . As such, an additional 480 kcal is required daily for milk production [36] , which helps promote weight loss after childbirth [34] . The improved blood sugar metabolism due to breastfeeding [13] can also reduce the prevalence of diabetes in the mother [37] . Therefore, this study confirmed that breastfeeding has positive effects on the metabolism of mothers.
This study was conducted to investigate the differences in the risk of cardiovascular disease, prevalence of metabolic syndrome, and lifestyle depending on the breastfeeding experience of women in their 30s and 40s who had given birth, using the KNHANES, a reliable and representative source of data on South Koreans, and to investigate the correlation between metabolic syndrome and breastfeeding experience, the number of children breastfed, and the duration of breastfeeding.
This study found that postpartum breastfeeding may play a significant role in reducing the risk of metabolic syndrome in women in their 30s, and that childbearing is associated with a higher incidence of metabolic syndrome among such women.
The limitations of this study are as follows. First, the other factors that might affect metabolic syndrome could not be included, as the data of the KNHANES V-1 (2010), were used and the feasible variables were limited. For example, triglycerides, which showed significant results according to the breastfeeding experience of women in their 30s, can be greatly affected by their eating habits, but this factor was not considered. Second, the definition and standards of breastfeeding experience in the data from the KNHANES V-1 (2010), were insufficient, which prevented accurate analysis.
Conclusion
This study found that postpartum breastfeeding may play a significant role in reducing the risk of metabolic syndrome in women in their 30s, and also that childbearing is associated with a higher incidence of metabolic syndrome among women in their 30s.
Further studies could examine the cause of the higher prevalence of metabolic syndrome among women in their 30s who had breastfed more children, by addressing the limitations of this study. Large-scale prospective studies are also required to more accurately investigate the benefits of breastfeeding by continuously following up the same participants.
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